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R E S E A R C H  A R T I C L E
Landscape configuration, organic management, and within- 
field position drive functional diversity of spiders and carabids





























2.	 We	assessed	the	effect	of	small-	vs.	 large-scale	agricultural	 landscapes,	organic	
farming,	and	within-field	position	on	functional	diversity	of	spiders	and	carabids.	
We	sampled	pairs	of	organic	and	conventional	winter	wheat	fields	in	small-scale	
agricultural	 landscapes	 (former	West	Germany)	and	 in	neighbouring	 large-scale	
agricultural	landscapes	(former	East	Germany).	We	sampled	arthropods	with	fun-
nel	 traps	 in	 transects	 at	 field	 edges,	 field	 interiors	 (15	m	 from	 edge),	 and	 field	
centres.
3.	 The	gradient	from	field	edges	towards	the	centres	played	an	important	role:	spi-







4. Synthesis and applications.	 In	our	 research,	 spiders	were	more	sensitive	 to	edge	
effects	and	 less	 sensitive	 to	management	and	 landscape	composition	 than	car-
abids.	Smaller	 fields	and	 longer	edges,	as	well	as	organic	management	 increase	
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1  | INTRODUC TION











Organic	 agricultural	 methods	 are	 reported	 to	 increase	 biodi-
versity	 in	 the	 agricultural	 landscape	 (Tuck	 et	al.,	 2014);	 however,	
the	effect	of	organic	farming	 is	highly	heterogeneous,	the	results	
are	 taxon-	specific	 (Bengtsson,	 Ahnström,	 &	Weibull,	 2005),	 and	
the	 effectiveness	may	 depend	 on	 the	 landscape	 context	 (Batáry	
et	al.,	2011;	Tscharntke	et	al.,	2012).	Low-	intensity	agricultural	land	




focusing	 on	 organic	 farming	 is	 to	 reduce	 management	 intensity	
through	 abolishment	 of	 pesticide	 and	 inorganic	 fertilizer	 inputs	
(Tuck	et	al.,	2014).
In	 agricultural	 landscapes,	 spatial	 heterogeneity,	 which	 is	
a	 combination	 of	 compositional	 and	 configurational	 heteroge-
neity	 (Duflot,	 Georges,	 Ernoult,	 Aviron,	 &	 Burel,	 2014;	 Fahrig	
et	al.,	 2011),	 is	 regarded	 as	 an	 important	 driver	 of	 biodiversity.	
Landscape	composition	can	be	measured	as	the	variety	and	abun-
dance	 of	 different	 cover	 types,	 whereas	 configuration	 refers	 to	
the	complex	spatial	arrangement,	size,	and	position	of	 landscape	
elements	or	the	cumulative	length	of	edges	(Concepción,	Díaz,	&	




&	 Hedlund,	 2014).	 However,	 studies	 addressing	 configurational	
heterogeneity	 controlling	 for	 compositional	 heterogeneity	 are	
scarce	(Pasher	et	al.,	2013;	Perović	et	al.,	2015).	Recent	research	
has	shown	that	several	species	of	the	same	taxonomic	group	may	
respond	 differently	 to	 landscape	 configurational	 heterogeneity	




The	 historical	 division	 of	 Germany	 after	 the	World	War	 II	 re-
sulted	in	different	landscape	structures	of	the	former	East	and	West	
Germany.	After	the	collectivization	 in	the	1950s,	agricultural	man-
agement	 in	 East	 Germany	 switched	 to	 large-	scale	 homogeneous	





Trait-	based	 functional	 diversity	 can	 be	 defined	 as	 the	 rela-
tive	 abundance,	 range,	 and	 dispersion	 of	 functionally	 meaningful	



























agricultural	 landscapes	 in	 the	 former	West	 (lower	 Saxony)	 and	 in	




tween	field	edges	and	centres	 is	 lower	 in	small	 fields	than	 in	 large	
fields.	The	overall	 goal	of	our	 study	was	 to	provide	evidence	how	
landscape	structure,	organic	farming,	and	within-	field	position	shape	
spider	and	carabid	functional	diversity.
K E Y W O R D S
agricultural	management,	arthropods,	edge	effect,	functional	diversity,	functional	trait,	
landscape	heterogeneity,	organic	farming,	pest	control
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2  | MATERIAL S AND METHODS
2.1 | Study sites








2017).	 The	 major	 difference	 in	 the	 landscape	 structure	 between	
East	and	West	was	due	to	landscape	configuration.	Configurational	
heterogeneity	was	higher	 in	 the	West	with	70%	more	 field	 edges	
(11.0	±	0.8	km	East	organic	 (mean	±	SEM);	10.8	±	0.6	km	East	 con-
ventional;	 18.3	±	1.3	km	 West	 organic,	 and	 19.5	±	1.2	km	 West	
conventional).
We	 selected	 fields	 belonging	 to	 one	 pair	 within	 the	 area	 of	
one	 village	 close	 to	 each	other	 (2598	±	583	m	East	 [mean	±	SEM];	
1101	±	216	m	West).	We	selected	three	villages	with	one	pair	of	or-







2.2 | Arthropod sampling and ecological traits
We	collected	arthropods	using	a	pair	of	 funnel	 traps	at	each	tran-
sect	 inserted	 into	 the	ground,	 flushed	with	 the	soil	 surface	 (diam-
eter	=	10	cm,	 depth	=	25	cm).	 We	 used	 50%	 ethylene-	glycol	 and	
water	solution	as	preservative	and	a	few	drops	of	odourless	deter-
gent	(Drogerie	Markt,	Denkmit	Spülmittel	Ultra	Sensitive)	to	reduce	
the	 surface	 tension.	 The	 traps	 were	 applied	 with	 a	 funnel	 to	 re-
duce	vertebrate	by-	catches	and	a	plastic	roof	(25	×	25	cm,	8–10	cm	















Schaefer,	 Schuldt,	 and	 Assmann	 (2014)	 for	 carabids.	 We	 ranged	
body	size	values	between	0	and	1	to	down	weight	the	high	values	




Jocqué,	&	Coddington,	 2011;	 Larochelle,	 1990).	 Finally,	we	 classi-


























2014)	models	with	 random	 effect	 terms	 that	 included	 “field	 pair”	
embedded	 in	 “village”	and	“farmer”.	The	suite	of	all	possible	 linear	






et	al.,	 2009;	 Richards,	 2008)	 with	 the	 R	 package	MuMIn	 (Barton,	
2009).




L:	 species	 by	 sites,	Matrix	Q:	 species	 by	 traits).	 The	 RLQ	 analysis	
is	 an	 extension	 of	 coinertia	 analysis,	 which	 simultaneously	 takes	
into	account	the	information	contained	in	the	tables	R,	L,	and	Q.	It	
graphically	summarizes	and	represents	the	main	costructure	in	the	
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three	matrices	(Dray,	Chessel,	&	Thioulouse,	2003).	The	overall	sig-
nificance	of	the	relationships	between	variables	of	the	R-	tables	and	
species	 traits	of	 the	Q-	tables	was	assessed	by	a	Monte-	Carlo	 test	
with	5000	permutations	on	total	inertia	of	the	RLQ	analyses.	Finally,	
we	tested	the	link	between	site	scores	and	environmental	variables	







From	 the	36	winter	wheat	 fields,	we	 recorded	4769	 adult	 spiders	
belonging	to	71	species	(Appendix	S1).	The	most	abundant	species	
were	aerial	dispersers	such	as	linyphiid	spiders,	Oedothorax apicatus 
(Blackwall,	 1850)	 and	Erigone dentipalpis	 (Wider,	 1834),	 represent-
ing	45.5%	of	all	spider	 individuals	caught.	We	captured	56	species	
and	 2124	 individuals	 in	 conventional	 fields;	 53	 species	 and	 2645	
individuals	 in	 organic	 fields;	 57	 species	 and	 2159	 individuals	 in	
East	Germany;	48	species	and	2600	 individuals	 in	West	Germany.	











The	 spider	 RLQ	 analysis	 indicated	 a	 significant	 relationship	
between	 environmental	 attributes	 and	 species	 trait	 composition	
(p	<	0.001,	 permutation	 test).	 The	 first	 two	 RLQ	 axes	 explained	
90.5%	of	the	total	inertia	(64.6%	and	25.6%,	respectively).	The	RLQ	
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in	 feeding	 preference	 (FDvar	 food)	 in	 large-	 than	 in	 small-	scale	









RLQ	axes	explained	84.12%	of	 the	 total	 inertia	 (59.6%	and	24.5%,	
respectively).	Herbivore	and	apterous	carabids	were	associated	with	
edge	position	 and	 large-	scale	 agriculture,	whereas	 carnivore	 cara-
bids	with	interior	position	(Table	1,	Figure	2b).
4  | DISCUSSION
In	 accordance	with	 our	 hypotheses	 (1)	 and	 (2),	 we	 found	 positive	
effects	 of	 increasing	 landscape	 configurational	 heterogeneity	 (i.e.,	
smaller	 field	 size	 in	West	 Germany)	 and	 organic	 management	 on	
carabid	 functional	 diversity.	 Concerning	 hypothesis	 (3),	 transect	
First RLQ axis Second RLQ axis
Corr. coeff. p- value Corr. coeff. p- value
Spiders,	environmental	variables
Region	(E/W) 0.164 0.045 0.615 <0.001
Management	(C/O) 0.369 <0.001 0.492 <0.001
Transect	position	
(Centre)
0.565 <0.001 0.001 0.999
Transect	position	
(Interior)
0.130 0.112 −0.261 0.002
Transect	position	(Edge) −0.696 <0.001 0.261 0.002
Spiders,	traits
Body	size −0.544 <0.001 0.091 0.448
Dispersal:	ballooning −0.475 <0.001 −0.206 0.035
Dispersal:	probable	
ballooning
0.225 0.021 0.257 0.008
Dispersal:	nonballooning 0.352 <0.001 −0.001 0.998
Hunting:	web/active −0.563 <0.001 0.493 <0.001
Carabids,	environmental	variables
Region	(E/W) 0.738 <0.001 0.369 <0.001
Management	(C/O) 0.287 <0.001 0.738 <0.001
Transect	position	
(Centre)
0.001 0.999 0.001 0.999
Transect	position	
(Interior)
−0.261 0.001 −0.174 0.034
Transect	position	(Edge) 0.261 0.001 0.174 0.034
Carabids,	traits
Body	size 0.186 0.080 0.366 <0.001
Feeding:	carnivore −0.486 <0.001 0.026 0.763
Feeding:	omnivore 0.257 0.003 −0.008 0.921
Feeding:	herbivore 0.399 <0.001 −0.029 0.733
Flight	ability:	
macropterous
0.059 0.496 −0.069 0.424
Flight	ability:	dimorph −0.060 0.489 0.110 0.207













Smaller	 field	 sizes	 at	 a	 landscape	 scale	 indicate	 a	 higher	 density	
and,	 thereby,	 presumably	 connectivity,	 through	 seminatural	 linear	
habitats	(e.g.,	field	margins,	road	verges),	and	thus,	higher	landscape	
configurational	 heterogeneity.	We	 found	 that	 variation	 in	 carabid	
dispersal	 ability	 decreased	 with	 lower	 landscape	 configurational	
heterogeneity	 while	 higher	 configurational	 heterogeneity	 (small	
fields	 in	our	study)	was	associated	with	 lower	dispersal	ability	and	
smaller	 carabids.	Body	 size	of	 carabids	 is	 known	 to	 relate	 to	 their	
epigeic	dispersal	ability,	with	larger	species	moving	longer	distances	
than	smaller	carabids	(Homburg,	Schuldt,	Drees,	&	Assmann,	2013).	
Landscape	 simplification,	 including	 reduced	 habitat	 quantity	 and	
lower	 matrix	 quality,	 may	 have	 a	 negative	 effect	 on	 species	 with	
high	 dispersal	 probabilities	 through	 increased	 dispersal	 mortality	
(Tscharntke	et	al.,	 2012).	The	decrease	 in	 carabid	 abundance,	may	
result	in	lower	biocontrol	potential.
Landscape	 configuration	 had	 no	 effect	 on	 spider	 functional	 di-
versity	according	to	the	regression	models.	In	line	with	these	results,	
Martin,	Seo,	Park,	Reineking,	and	Steffan-	Dewenter	(2016)	did	not	find	
significant	 effects	 of	 landscape	 configuration	 on	 spiders.	However,	
landscape	 configurational	 heterogeneity	 increases	with	 the	 density	








&	 Tscharntke,	 2005).	Higher	 species	 diversity	 does	 not	 necessarily	
mean	 a	 stronger	 functional	 differentiation	 (Bello,	 Lepš,	 Lavorel,	 &	
Moretti,	2007),	but	may	increase	resilience	to	environmental	change	
and	thereby,	sustain	ecosystem	functioning	(Tscharntke	et	al.,	2012).	




Organic	 farming	 increases	 biodiversity	 according	 to	 a	 recent	
meta-	analysis	 (Tuck	 et	al.,	 2014).	 In	 our	 study,	we	 confirmed	 the	
positive	effect	of	organic	farming	on	carabid	functional	diversity.	
Several	 earlier	 studies	 suggested	 that	 organic	 management	 may	
not	enhance	carabid	species	richness;	however,	organic	and	con-
ventional	 fields	may	differ	 in	 species	 composition	 (Purtauf	et	al.,	




than	 conventional	 fields.	 The	 lower	 management	 intensity	 and	
omission	of	pesticides	reduce	arthropod	mortality	(Schmidt	et	al.,	
2005),	 and	 increase	structural	 complexity	of	 the	habitat	 through	
higher	 weed	 density	 (Weiner,	 Griepentrog,	 &	 Kristensen,	 2001).	







larger	 food	 items,	which	determines	 their	 functional	 role	 in	biological	
pest	 control	 and	weed-	seed	 predation	 (Honek,	Martinkova,	 Saska,	&	
Pekar,	2007;	Wheater,	1988).	Rusch,	Binet,	Delbac,	and	Thiéry	(2016)	


















seed	 stock	 (Diekötter	 et	al.,	 2016;	 Kulkarni,	 Dosdall,	 &	 Willenborg,	




























Our	 results	 highlight	 that	 reduced	 management	 intensity	 of	 local	
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Functional	 trait	 composition	and	diversity	 indices	are	more	sensitive	
to	habitat	quality	and	landscape	scale	changes	than	alpha	diversity	in-
dices,	 such	as	 species	 richness	 (Gallé,	Gallé-	Szpisjak,	&	Torma,	2017;	
Rusch	et	al.,	 2015;	 Schirmel	 et	al.,	 2016),	 and	provide	an	 insight	 into	
community–environment	 interactions	 and	 their	 effect	 on	ecosystem	
functioning	(e.g.,	Laliberte	et	al.,	2010;	Rusch	et	al.,	2016).
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